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Introduction
Teaching hospitals have relied heavily on housestaff to provide inpatient care. However, recent changes in hospital financing and residency training and the emergence of managed care have prompted the development of new cost-effective models of health care delivery (Whitcomb & Cleverly 1993; Inglehart 1994 Inglehart , 1995 Kassirer 1994a; Epstein 1995) . Regulations governing residents' work hours (Knickman et al. 1992; Thorpe 1992) and required shifts in the site of residency from inpatient to outpatient settings (Committee on the Future of Primary Care (1996a) have decreased the availability of residents to staff inpatient wards, which may be reduced further by proposed cuts in the federal government's support for residency training (Inglehart 1994 (Inglehart , 1995 Foreman et al. 1995; Wiebe 1997) .
Concurrent with these changes, there has been an increase in the training of non-doctor providers such as nurse practitioners (NPs) (US Congress 1986; Montague 1994; Schaffner et al. 1995; Wunderlich et al. 1996 ; Committee on the Future of Primary Care 1996b). Several earlier studies in the outpatient setting have found that NPs can manage a wide variety of problems and achieve similar patient outcomes as primary care physicians (Knickman et al. 1992; Nichols 1992; Dowrick & Rezents 1993; Mundinger 1994; Schaffner et al. 1995; Scheffler 1996) . Few studies, however, have examined the effectiveness of NPs in inpatient settings. Moreover, available data are limited primarily to clinically homogeneous populations, such as patients in cardiac step-down units (Giacalone et al. 1995) or neonatal intensive care units (Mitchell-DiCenso et al. 1997) .
Little is known about the effectiveness of NPs in providing care to more heterogeneous populations, such as patients admitted to general medical wards (Scheffler 1996) .
In response to changes in the availability of medical residents, in 1989 our hospital developed an inpatient internal medicine ward staffed by NPs (Genet et al. 1995) . On this unit, NPs provided initial and ongoing care of patients under the direction of a senior physician. Housestaff admitted all other patients to separate wards and provided emergency coverage for patients receiving NP-based care outside the hours that an NP was in the hospital. The role of NP-based care expanded rapidly from subacute care of patients with chronic well-circumscribed illnesses (e.g. patients requiring prolonged courses of intravenous antibiotics) to care of general medical patients with acute medical conditions.
Because of the limited amount of data available on the effectiveness of NP-based care, we conducted a randomized controlled trial comparing resource use and outcomes of general medical patients receiving NP-based care and traditional housestaff care. We hypothesized that resource use would be lower among patients receiving NP-based care, but that clinical and functional outcomes would be similar. We further used the randomized design to explore the applicability and limitations of NP-based care in academic teaching hospitals.
Methods

Patient care
Key personnel on the NP ward included 2.5 full-time equivalent NPs and a medical director. NPs provided many of the services delivered traditionally by housestaff, including admission assessments, assembly of patient data, co-ordination of care with patients' attending doctors and implementation of diagnostic and therapeutic plans. NPs admitted patients on weekdays between 0730 h and 1700 h and were present on the unit from 0730 h to 2000 h on weekdays and for morning rounds at weekends. The medical director, a board-certified internist, made daily patient care rounds and was available at other times for consultation, and served as a liaison to the clinical and academic faculty. Off-hours emergency coverage was provided by medical housestaff. To minimize housestaff involvement, several protocols were developed for the initial triage and management of common medical problems (e.g. fever, chest pain, shortness of breath) by unit registered nurses. Nurse staffing was otherwise identical on the NP ward and other general medical wards.
Care on traditional housestaff wards was delivered by six teams consisting of one senior or junior medical resident and two interns, supervised by a teaching attending doctor. Teams rotated on a monthly basis. On both the NP and housestaff wards, ultimate re-sponsibility for patient care rested with patients' attending doctors. Other hospital services (e.g. nutrition support, social services, respiratory therapy) were identical for the NP and housestaff wards.
Patients
The eligible sample included general medical patients aged 18-69 years admitted through outpatient facilities or the emergency room to University Hospitals of Cleveland, a 947-bed private, non-profit teaching hospital affiliated with Case Western Reserve University. The study was carried out from March 1994 to September 1995. Patients who were ineligible for the study included those admitted to intensive care units or other specialty units (telemetry ward, coronary care step-down unit, hematology-oncology ward, bone marrow transplant ward, HIV ward), and those transferred from intensive care units. Patients admitted during 'off-hours' (between 1700 h and 0730 h weekdays and throughout the weekend) were also initially excluded. Because of a concurrent randomized trial at the hospital involving patients aged 70 years and older, such patients were not considered eligible for the current study. Beginning in July 1994, patients admitted from 1700 h to 0730 h Monday to Friday were also randomized. These patients were evaluated and managed over-night by 'night float' residents; responsibility for their care was then transferred the next morning to ward staff (NPs or housestaff).
Enrolment
Envelopes containing computer-generated random ward assignments were opened for all eligible patients when beds on both the NP and a traditional medical ward were available. Patients' attending doctors were notified of the assigned ward and could request that patients be admitted to another ward after randomization. The study was approved by the hospital's Institutional Review Board. Because both the resident and NP teams represented standard practice on the medical wards prior to the study, informed consent was not obtained from patients for randomization, but was obtained for collection of data specific to the study.
Data
Data were obtained for the study from medical records, hospital databases and patient interviews. Data from medical record review included the admission diagnosis (classified according to a previously proposed taxonomy) (Charlson et al. 1986) , the number of consultations to other services and the occurrence of several hospital-acquired complications (cardiac or respiratory arrest, hospital-acquired infection, new focal neurological deficit arising during hospitalization, change in mental status, acute myocardial infarction, chest pain requiring transfer to ICU, documented deep venous thrombosis or pulmonary embolus, fracture resulting from a fall and increase from admission in serum creatinine of greater than 2.0 mg dL -1 ). In addition, data were collected to determine the Charlson et al. (1987) comorbidity score and the Acute Physiology and Chronic Health Evaluation (APACHE) III (Knaus et al. 1991 ) score on the day of admission. Medical record reviews were complete for 374 (98%) patients. Records were unavailable for seven (2%) patients.
Data obtained from hospital administrative databases included the diagnosis-related group (DRG), length of stay, inter-unit transfers, total charges and ancillary charges (all charges not attributable to nursing care, room and board, social work and nutrition services). In addition, hospital costs related to services provided by 10 specific departments (e.g. radiology, pharmacy, laboratory) were estimated using the cost management information system (CMIS). CMIS is a cost-accounting system that calculates the costs of individual services (e.g. chest X-ray, respiratory treatment) provided by each department. Costs consist of direct and indirect components. Direct costs are composed of variable or incremental costs per product used (e.g. technician time per X-ray, cost of film) and fixed costs (e.g. radiology supervisor salary). Indirect costs include all non-billable hospital services (e.g. security, laundry) that are allocated at departmental levels using a stepdown method, and added to the service cost profiles, according to service volumes per time period.
Post-discharge vital status was ascertained using the National Death Index registry for all deaths recorded in the United States until 31 December 1995.
Patient interviews were carried out by trained interviewers at admission, discharge and 6 weeks following discharge from the hospital. Interview data included sociodemographic characteristics, ability to perform activities of daily living (ADL) (Katz et al. 1963) and instrumental activities of daily living (IADL) (Lawton & Brody 1969) , health status as measured by the SF-36 (Stewart et al. 1988) , symptom severity as graded by the patient on a scale of 1 ('not bothersome') to 10 ('most bothersome') and patient assessments of care as adapted from a validated survey (Cleary et al. 1992 (Cleary et al. , 1993 . Measures of patient assessments included a single item asking patients to rate the 'overall care given at the hospital' and a fiveitem scale asking patients to rate the courtesy, helpfulness and availability of doctors and nurses, and how well they worked together. Items were rated using five response categories ranging from poor to excellent which were transformed to 0-100 scales for analysis. In addition, a patient perceived problem score was determined by asking patients about the adequacy of 31 specific aspects of care (e.g. analgesia, timely completion of tests) (Cleary et al. 1992 (Cleary et al. , 1993 . Scores represented the proportion of items noted to be problematic. Interviews at admission and discharge were carried out in person. Interviews 6 weeks after discharge were conducted by telephone. Patient surrogates were not used.
Interviews were carried out by trained research assistants who received standardized training consisting of a written protocol, scripted scenarios, role playing and observed interviews. Interview data were complete for 69% of patients at admission, 58% of patients at discharge and 43% of patients 6 weeks after discharge. Major reasons for not completing interviews included: patient consent not obtained (20%, 26% and 30% of admission, discharge and 6-week interviews, respectively), patient too ill to be interviewed (9%, 9% and 11%), non-Englishspeaking patient (1%, 1% and 1%), failure to complete the mental status screen (0%, 1% and 1%), inability to locate the patient (0%, 4% and 12%) and 'other' (1%, 1% and 2%).
Statistical analysis
Data analysis was carried out according to both intention to treat (i.e. wards to which patients were randomized) and actual treatment (i.e. wards to which patients were admitted). Primary study outcomes included measures of resource utilization (length of stay, hospital charges, costs and number of consultations to other services) and adverse events (transfers to intensive care units, in-hospital and 30-day mortality, and hospital-acquired complications). Secondary outcomes included measures obtained from patient interviews (changes in health status as measured by SF-36, symptom severity scores, ADL function and IADL function and patient assessments of care). Differences between NP and housestaff patients in baseline characteristics and primary and secondary outcomes were examined using the chi-square test for categorical variables and the t-test or Wilcoxon ranksum test for continuous variables.
Results
Randomization of the eligible sample
A total of 381 eligible patients were randomized: 193 (50.7%) to NP-based care and 188 (49.3%) to the housestaff care. However, many patients (n = 90) assigned randomly to NP-based care were actually admitted to housestaff wards, and one patient assigned randomly to housestaff care was actually admitted to the NP ward. Thus, 104 (27.3%) patients were admitted to the NP ward and 277 (72.7%) patients were admitted to the housestaff ward. Reasons for cross-overs included: bed unavailability on the NP ward in 26 (29%), attending doctor request in 20 (22%), NP request in 20 (22%) and miscellaneous reasons in 25 (28%) (e.g. chief resident request, inability to contact house officer, no reason given). Bed unavailability was a result of discrepancies between counts of open beds in the hospital admitting office and actual bed availability on the NP ward. NP requests reflected concerns that patients would require frequent doctor monitoring overnight, that NP staffing was inadequate to manage new admissions and that patients would arrive on the ward too late for adequate evaluation.
The mean age of the 381 randomized patients was 47.8 years. Thirty-nine per cent of patients were men and 40% were white; 40% had commercial insurance (indemnity or managed care); 27% had Medicare, 23% had Medicaid and 10% were uninsured. The 10 most common reasons for admission accounted for 60% of admissions and included: abdominal pain (11%), pneumonia (7%), acute dyspnoea (7%), asthma (6%), fever (6%), gastrointestinal bleeding (6%), congestive heart failure (5%), diabetes mellitus (4%), infection other than cellulitis (4%) and leg cellulitis (3%).
Patients randomized to the NP and housestaff wards were similar (P > 0.1) with respect to sociodemographic characteristics, comorbidity, severity of illness, functional status, health status and mean symptom severity at admission (Table 1) .
Among the 193 patients assigned randomly to NPbased care, the 90 patients admitted to housestaff wards were similar at admission (P > 0.1) to the 103 patients admitted to the NP ward in mean age (49.5 vs. 46.1 years, respectively), gender (38% vs. 35% male), race (47% vs. 41% white), insurance (e.g. 22% vs. 24% with commercial insurance), mean Charlson comorbidity score (1.4 vs. 1.2), mean APACHE III acute physiology score (37.2 vs. 37.3), mean symptom severity (9.4 vs. 8.9), dependency in > 1 ADL (38% vs. 34%) or > 2 IADL (67% vs. 66%) and mean scores for the SF-36 subscales (results not shown). Thus, the two groups were also similar (P > 0.1) with respect to the above characteristics when analysis was performed based on the actual wards to which patients were admitted (Table 1) .
Primary outcomes
NP and housestaff patients had similar (P > 0.1) outcomes with respect to resource utilization as measured by length of stay, total charges and ancillary charges (Table 2) . Hospital costs related to discretionary services of specific departments (radiology, laboratory, respiratory therapy, and pharmacy) were also similar, as were rates of consultation to other clinical services, although there was a trend towards increased referral to dietetics in housestaff patients in analysis by actual treatment (33% vs. 22%; P = 0.07).
The two groups did not differ in rates of inhospital adverse events including complications, transfer to intensive care and death, and did not differ in discharge destination, with over 90% of patients returning home (Table 2) . However, of patients returning home after discharge, more NP patients received home care services compared to housestaff patients (9.2% vs. 3.9%, respectively, P = 0.046, analysis by intention to treat; 12.5% vs. 4.3%, P = 0.006, analysis by actual treatment).
Secondary outcomes
Functional status (ADL and IADL), health status (SF-36) scores and symptom severity generally improved between admission and discharge and/or between admission and 6 weeks after discharge among patients for whom interview data were complete (Table 3) . Changes in these measures were similar (P > 0.1) in patients receiving NP-based care and housestaff care. Overall, the largest relative change was observed for symptom severity. Among the SF-36 subscales, change was most marked with respect to bodily pain. Changes were also greater for IADL than for ADL. Patient assessments of care with respect to three different measures (overall rating, patient perceived problem score and patient rating of doctor and nurse care) were similar (P > 0.1) in patients receiving NP-based care and housestaff care (Table 3 ).
Discussion
The current study represents the first randomized evaluation of NP-based care in a heterogeneous population of general medical patients. The findings suggest that care that is delivered by NPs and supported by attending doctors is associated with similar resource use and similar clinical and functional outcomes as care delivered by housestaff and attending doctors. For none of the endpoints did the differences between the two groups suggest a clinically important benefit to housestaff care. Moreover, the findings were consistent in 'intention-to-treat' analyses, demonstrating the efficacy of NP-based care and in 'actual treatment' analyses, demonstrating that NP-based care itself was associated with similar outcomes.
Differences in the availability of NPs and housestaff necessitated that off-hours emergencies be handled by on-call housestaff. Although nursingTrial of nurse practitioner-based care Symptom severity at admission 9.1 ± 2.0 8.8 ± 1.9 8.9 ± 2.3 8.9 ± 1.8 (0-10) (mean ± SD) * Differences between the NP-based care and housestaff care were not significant (P > 0.10), either by intention-to-treat or actual treatment analysis. † Laboratory costs include costs attributable to laboratory, pathology, and blood bank services.
‡ Hospital-acquired complications include cardiac or respiratory arrest, hospital-acquired infection, focal neurological deficit, change in mental status, acute myocardial infarction, chest pain requiring transfer to ICU, deep venous thrombosis, pulmonary embolism, fracture resulting from fall, and increase from admission in serum creatinine of greater than 2.0 mg dL-1.
¶ The overall adverse event rate includes hospital-acquired complications, transfers to ICUs, or in-hospital death. Outcomes at discharge n = 106 n = 115 n = 67 n = 154 Improvement from admission in no. based protocols were implemented to assist in the triage of common problems, the availability of housestaff was critical to the successful implementation of NP-based care in our hospital. Alternative approaches could have been to ask attending doctors to assume primary off-hours management of acute problems, which would depart from traditional practice in teaching hospitals, or to have 24-hour NP coverage by NPs, which would have entailed hiring additional NPs and providing additional attending doctor supervision. Given the marked difference in the cost to the hospital of housestaff and NPs and difficulty recruiting NPs to work night shifts, the latter policy was not viable in our hospital. Thus, while it is unlikely that NPs can replace housestaff, the findings indicate that NP-based care can complement housestaff care and reduce the number of housestaff needed.
The unexpectedly high rate of patient cross-over from the NP ward to the housestaff wards provides further insight into the feasibility of NP-based care. Reasons for cross-overs spanned a broad range of factors. Nearly a third of cross-overs occurred because beds on the NP ward were not available at the time of randomization, highlighting the organizational challenges in conducting randomized research in an active clinical environment. More than 20% of cross-overs occurred at the request of attending doctors. Prior to the study, several steps were taken to educate doctors about the role of NPs, including presentations at medical staff meetings of hospital-based and off-site practices, face-to-face discussions with influential faculty members and formal surveys to determine doctor satisfaction with NP-based care. None the less, doctors wanted the flexibility to pre-empt randomization because of concerns that certain patients may be 'too sick' to be managed by NPs and that admitting patients to the NP ward might increase their involvement in 'offhours' management.
NP requests for cross-overs also reflected concerns about their ability to provide adequate management for some patients, particularly patients requiring frequent 'off-hours' monitoring, and concerns that staffing was inadequate to accept new admissions. These issues suggest that institutional expectations of NPs and housestaff may differ. During the study, housestaff admitted up to five patients per call day, while NPs typically admitted fewer than three patients. While residency training programmes have enacted changes in recent years to decrease housestaff workload, there remain both formal and informal expectations that housestaff handle widely fluctuating numbers of admissions. In our hospital, it was accepted practice for NPs to decline new admissions because of current workload.
The role of NPs in patient care has generated much interest. Reported advantages of care by NPs include their holistic approach (US Congress 1986; Dowrick & Rezents 1993; Mundinger 1994; Giacalone et al. 1995) , increased time spent with patients (DeAngelis 1994) and willingness to work in underserved areas (US Congress 1986). In addition, care by NPs may be associated with higher patient satisfaction (Thompson et al. 1982; Hooker 1993; Hardy Havens & Evans 1995) and compliance (Thompson et al. 1982; Hardy Havens & Evans 1995) and with lower cost than care by physicians (US Congress 1986; Mundinger 1994; Schaffner et al. 1995) . In teaching hospitals, NPs may provide a longer period of service than resident physicians and, thus, greater continuity of care (Silver & McAtee 1984; Clochesy et al. 1994; Schultz et al. 1994; Dowling et al. 1995; Genet et al. 1995) , and may be less subject to conflicts between patient care and educational objectives (Knickman et al. 1992; Dowrick & Rezents 1993; Mundinger 1994; Shi et al. 1994) . On the other hand, NPs generally evaluate fewer patients than do doctors in a given period of time (Sweet 1986) , have a more limited scope of practice (Pearson 1994; Sekscenski et al. 1994 ; Committee on the Future of Primary Care 1996a) and more difficulty with complex cases (Nichols 1992; Kassirer 1994b ). There remains reluctance on the part of some nurses (Riportella-Muller et al. 1994; Dowling et al. 1995) and doctors (Thompson et al. 1982; Spitzer 1984; US Congress 1986; Chase 1992; Schaffner et al. 1995; Dowling et al. 1995) to accept the expanded role of NPs.
There have been few formal comparisons of care provided by NPs and by doctors. For the most part, studies have been retrospective, have relied upon historical controls and have been conducted in outpatient settings (Thompson et al. 1982; McConnell et al. 1992; Aiken et al. 1993; Mitchell 1993; Becker et al. 1994; Hill et al. 1994; Langner & Hutelmyer Trial of nurse practitioner-based care 1995). Inpatient studies have been confined largely to specialized wards such as intensive care (Carzoli et al. 1994; Schultz et al. 1994; Schaffner et al. 1995; Gaedeke & Blount 1995; Mitchell-DiCenso et al. 1997) or trauma units (Spisso et al. 1990) . In addition, studies have generally examined a narrow spectrum of patient outcomes and have often failed to account for severity of illness (US Congress 1986; Kassirer 1994a; Brown & Grimes 1995) .
To date, only two randomized studies have been conducted in inpatient settings. Mitchell-DiCenso et al. (1997) examined 821 infants admitted to a neonatal intensive care unit who were randomized to care by a clinical nurse specialist/NP team or by paediatric residents. Similar attending neonatologists supervised both teams. As in the current study, problems occurring off-hours were managed by paediatric residents during the night. The authors found similar rates of neonatal mortality, complications, length of stay, costs, parent satisfaction with care and infant development at 8 months of age. In a second study of 100 patients in a rehabilitation hospital, Weinberg et al. (1983) found no differences in length of stay, consultations, laboratory and radiology costs and management of common clinical conditions (e.g. urinary tract infection, heart failure) between patients who were randomized to units managed either by internists or by a NP supervised by one of the internists.
Thus, the current findings suggest that the results of prior studies may be generalizable to general medical patients. However, several potential methodological limitations should be considered. First, the high cross-over rate in the study may have introduced selection bias. However, further analysis failed to discern demographic or clinical differences between cross-over patients and other patients. Secondly, the power to detect clinically meaningful differences between the two groups was relatively low for some endpoints. For example, while the power to detect a 30% difference in length of stay, charges or costs was roughly 80%, the power to detect a 50% difference in rates of adverse events was only 20%. Thirdly, because of the nature of the intervention patients and interviewers were not blinded to treatment assignments. Fourthly, our assessments of the cost of care principally reflect the use of discretionary hospital resources (e.g. bed days, diagnostic tests), and did not explicitly consider differences in NP and housestaff salaries, the costs of the medical director, nor the costs of providing offhours coverage by residents. Finally, the generalizability of our findings to other teaching hospitals should be established.
In spite of these limitations, our findings contribute important new information about the applicability of NP-based models of care in teaching hospitals. We conclude that a model of inpatient care that uses NPs, in concert with a dedicated medical director and appropriate housestaff back-up, may lead to similar clinical, functional and financial outcomes as care by housestaff for general medical patients. Thus, NPbased care can be a valuable complement to housestaff care and may allow teaching hospitals to reduce the number of housestaff, while providing similar levels of service. However, several important organizational issues need to be considered in implementing NP-based care, including doctors' perceptions of NPs' capabilities, especially among patients perceived as being 'very ill', and the decreased flexibility of NPs to accommodate off-hours admissions and wide fluctuations in numbers of patients.
